Indices of both right and left ventricular filling pressures (central venous and pulmonary capillary wedge pressures, respectively) may be monitored as indicators of the rates at which intravascular fluid and/or blood should be infused. If cardiac output and pulmonary artery pressure are measured and arterial and mixed venous blood gas determinations are done at the same time, then a variety of 'derived variables' may be calculated. However, central venous and pulmonary artery catheters should only be placed for proper indications by experienced personnel, or by trainees who have been appropriately instructed or are under direct supervision, as the risk of complications must be minimised. Occasional use is likely to be associated with a worse risk-benefit ratio. Prospective cost-risk-benefit studies are difficult in this area, but do need to be attempted.
Central venous pressure
Central venous pressure measurements are useful in the fluid management of patients who have no significant cardiovascular disease and who have suffered major trauma, or who are facing a prolonged operation or one in which significant amounts of blood may be lost.
A long catheter may be passed into the superior vena ,cava via the basilic vein from the cubital fossa if access is required for only a day or so; if it is anticipated that the catheter will be needed for longer, a short catheter should be passed via a jugular or subclavian vein. The Seldinger technique is the method of choice, using a 'J' wire for external jugular veins and straight wires for internal jugular and subclavian veins, and, if necessary, for basilic veins. I. 2 Only specially designed floppy-ended wires should be inserted or left in catheters during insertion, and the tips of catheters should ideally be passed no lower than the level of the carina (T4). Below this level the pericardium reflects onto the superior vena cava, and vascular perforation may result in cardiac tamponade. Basilic and jugular vein routes are preferable in patients who have a coagulopathy or who are about to undergo induction of anaesthesia, as the sites are more amenable to compression or exploration and as access via these routes carries a lower risk of pneumothorax. It may be desirable to place more than one line via the same site of venous access, as complications will be minimised. 3 Pneumothorax rates range from 0.1 % in experienced hands 4 to 29% in inexperienced hands. 5 A chest X-ray should be taken to confirm correct placement of the catheter in the superior vena cava and to exclude a pneumothorax. It is mandatory to confirm free backflow of blood under gravity into the infusion system from the catheter at the time of catheter placement.
Measurements are usually made using a simple T-piece fluid manometer. Although these are imprecise and subject to some systematic errors, the ease, convenience and low cost of this method make it popular. Care must be taken with each measurement that the same zero reference point has been used (by checking with a closed loop of transparent tubing partially filled with water or with a spirit level), that the fluid in the manometer column falls freely after being filled, that the fluid level in the manometer swings with respiration, and that the air filter on the top of the manometer is not wet.
A systematic error of up to 4 mmHg may be encountered using fluid-column manometry as mean intrathoracic pressure is measured, rather than mean right atrial pressure. 6 If central venous pressure is low, if chest wall and/or lung compliance is low, or if respiratory excursions are great, then the measured pressure will be significantly influenced by respiratory pressures. Right atrial pressure measurements will be overestimated with controlled, and underestimated with spontaneous respiration. The catheter may be attached to a transducer, and zeroed and statically calibrated as described for systemic arterial pressure measurements. If an electrically integrated mean of the signal is accepted, as for mean systemic arterial pressure, similar errors to those encountered with fluid manometry may be encountered, as the contribution to intrathoracic pressure provided by the respiratory excursions is also measured 6 ( Figure  I ). For more accurate central venous pressure measurements it is necessary to determine the pressure at the peak of the 'a' wave (i.e. at the end of atrial contraction, just before tricuspid valve closure) during the end expiratory pause, with the lungs at 'functional residual capacity'.
Pulmonary capillary wedge pressure (peWP)
It is now well recognised that right atrial filling pressures may not reflect left atrial filling pressures in patients with compromised right or left ventricular function. As placement of left atrial catheters is impracticable, measurement of the PCWP has become the accepted alternative. The PCWP provides a reasonable estimate of left atrial pressure in patients with normal lungs. 7 . 8 PCWP measurements may be useful in patients with previous or existing severe right or left ventricular failure, who are septic or very ill, who already have the combination of 'wet lungs' and systemic hypotension or oliguria, and who are about to undergo major procedures or who face major blood loss.
Aspects of catheter insertion and complications have been reviewed elsewhere 9 • lo and detailed protocols for the insertion and care of a pulmonary artery (Swan-Ganz) catheter are available. I I Such a protocol should be followed so that catheters may be quickly and simply inserted with the least complications. It is desirable that both medical and nursing staff become familiar with all aspects of catheter placement and maintenance, and with procedures for obtaining accurate measurements. Catheters may be inserted immediately preoperatively, but it may be better, if time and logistics allow, for catheters to be inserted a few hours preoperatively in the recovery ward or an intensive care unit, so that control sets of haemodynamic variables may be obtained.
Once the catheter has been correctly placed, on inflation of the balloon the catheter floats into a smaller pulmonary artery. The balloon 'wedges' and the pressure in the circulatory bed distal to the balloon falls until it equilibrates with the left atrial pressure. This 'wedge' pressure may be measured via the distal lumen. As with right atrial pressure measurement, correct zero and calibration are essential and the measurement should be taken from the 'a' wave at end-expiration, as otherwise the measurement obtained is influenced by respiratory pressures 6 ( Figure I) .
It is necessary to consider several factors when interpreting PCWP measurements. 12.1 3 First, it is necessary to measure intravascular pressure, not airway pressure. Airway pressure will be measured if the catheter tip is in West's Zone I of the pulmonary circulation; this zone may be quite extensive in hypovolaemic patients being ventilated with high inflation pressures. 8 • 14 Inspection of the pressure trace will reveal when airway pressures are being measured. This may be avoided by repositioning the catheter or the patient so that the catheter tip is below the left atrium. IS Second, there should be no interference with pulmonary venous drainage between the tip of the catheter and the left atrium (e.g. by a mediastinal mass, a thoracoplasty, or a pulmonary embolus). Third, there should be no significant gradient between the left atrium and left ventricle (due, for example, to mitral valve disease or an atrial myxoma). Large 'V' waves may occur with severe mitral incompetence or with changes in left atrial compliance, which should not be confused with 'a' I t In patients with previously normal lungs, pulmonary congestion will be produced if the PCWP is increased above 18 mmHg, and frank pulmonary oedema if it is increased above 30 mmHg. 16 However, patients with long-standing left ventricular failure or mitral stenosis may require pressures in excess of 30 mmHg for normal ventricular filling. Elective placement of catheters preoperatively, to establish a baseline, is very FIGURE 2.-Pulmonary artery pressure and PCWP trace; the balloon was inflated at the time I. Note the large 'V' waves; these coincide with the QRS complex on the ECG n useful in these patients. On the other hand, in patients with sepsis, there is usually no benefit in raising the PCWP above 12 mmHg.17 In these patients there is a poor correlation between PCWP and left ventricular end-diastolic volume, due at least in part to altered left ventricular compliance. 18 Furthermore, in patients with high inflation pressures, it is not possible to predict the difference between the airway pressure transmitted to the catheter tip and that transmitted to the left atrium. 8 Thus, in critically ill patients on PEEP, mean effective pulmonary capillary pressure (MEPCP) (Figure 3 ) may be a better parameter than PCWP to and should not be confused with 'a' waves (11) . waves ( Figure 2 ). Fourth, trends in individual patients, rather than absolute values, yield the most useful information, particularly in patients who already have significant circulatory or respiratory disease.
-Mean effective pulmonary capillary pressure (MEPCP). Mean pulmonary artery pressure was obtained from time I by switching in a mechanism for integrating pressures at 0.2 second intervals. At time 11 the balloon was inflated. It has been shown that the pressure decline after wedging may be represented by a biexponential function, with the rapid phase representing the rate of decline of pulmonary artery to pulmonary capillary pressure, and the slow phase the rate of decline of pulmonary capillary to left atrial pressure. 19 . In practice MEPCP is represented by the point at which a straight line drawn through the rapidly falling phase of the pressure trace leaves the pressure trace as the rate of pressure decline slows (i.e. the MEPCP is that at time Ill). consider in conjunction with other cardiorespiratory variables,19 as any increase III MEPCP may further worsen gas exchange.
Pulmonary artery pressure
The pulmonary artery pressure trace should be continuously displayed and regularly inspected to ensure that the catheter does not 'creep' and become wedged. If the catheter wedges spontaneously or with balloon inflation volumes of less than one millilitre of air, it should be withdrawn slightly; this reduces the chances of pulmonary arterial rupture with injudicious balloon inflation.
It is difficult to measure mean pulmonary artery pressures accurately, as electrical integration of the area under the pressure trace is influenced by respiratory pressures 6 and planimetry of the area under the pressure trace during a full cardiac cycle at functional residual capacity is not practicable for routine clinical use. Moreover, systolic and diastolic measurements are in error by between 5% and 30% at low and high heart rates, respectively, as the distallumen of a quadruple lumen pulmonary artery catheter has a natural frequency of only about 12 HZ.20 However, it is usually adequate simply to know whether pressures are normal, high, or very high, and to be able to observe trends with changes in management.
Cardiac output
Cardiac output measurements made by thermodilution using a pulmonary artery catheter and the appropriate cardiac output computer, although empirically based, are as accurate and reproducible as those made using dye dilution or Anaesthesia and Intensive Care, VD/. /6, No. /, Februar)" /988 the Fick principle, as long as the correct procedure is followed. 21 This includes catheter placement so that an undamped trace is obtained, the rapid injection of an accurate volume ofOT injectate and taking the average of three measurements during the same portion of the respiration cycle. Cardiac output measurements are warranted only in very ill patients, and their main use is in discriminating between low and high cardiac output states, in observing trends, and in obtaining derived variables. Measurements in the operating theatre are rarely indicated and should only be made if skilled assistance is available.
Blood gases and oxygen contents
Repeated arterial blood gas measurements may be very useful in patients with poor gas exchange and in those undergoing procedures involving the lungs and airway. It is obviously important to have preoperative 'control' values and to measure or know the inspired oxygen concentration. An indwelling arterial cannula may be useful for repeated measurements.
Mixed venous blood samples may also be taken; these should be taken very slowly from an unwedged pulmonary artery catheter, so as to avoid mixing with pulmonary capillary blood. 22 Mixed venous measurements are useful mainly for observ ing trends and for calculating oxygen consumption. Arterial and mixed venous blood oxygen contents may be calculated from blood gas data using regression equations.23 Although these do not take into account all factors influencing the oxyhaemoglobin dissocation curve the results are adequate in most clinical contexts.
Derived cardiorespiratory variables
Several derived variables may be calculated from the primary variables discussed above and a few additional parameters (e.g. core temperature, haemoglobin concentration, the inspired oxygen concentration and body height and weight). These include stroke volume index, right and left ventricular stroke work index, systemic and pulmonary vascular resistance, arterio-venous oxygen difference, oxygen consumption index, oxygen availability index, oxygen extraction ratio and per cent right-to-left shunt. Although the accuracy of some of the basic haemodynamic data may be open to question in absolute terms, printouts of trends of these variables provide much additional information of interest, both for patient care and teaching. These trends are useful as preoperative baselines, as diagnostic aids, and for following the effects of changes in management,24.25 and may conveniently be provided in the intensive care ward by software written for a desk-top computer. 26 Competent assistance is essential if the use of derived variables is to be of any value during anaesthesia. However, sequential measurements may be useful in some clinical situations and are a valuable teaching aid. Changes in shunt fraction may be seen with changes in posture, changes in total body oxygen consumption are useful in optimising positive end expiratory pressure and in adjusting catecholamine dose rates, and observations of changes in left ventricular stroke work may be useful, with changes in pre-load and after-load, in a patient with poor left ventricular function.
